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Introduction
Little Carpathians Mts. is a region with long viticultural tradition, which dates back to the 5 th century (Slavkovský, 2002) or even earlier -to 7 th -6 th century BC (period of Celtic culture) as evidenced by some artefacts (Záruba et al., 1985) . The biggest boom of viticulture occurred between the 13 th and 19 th century. Viticulture strongly impacted landscape properties of the Little Carpathians. Except for deforestation and subsequent erosions, the sites of vineyards themselves were impacted by modification of the soil profile, which was performed by the deep ploughing prior to vineyard establishment. This practice involves overturning the soil horizons and moving the humus horizon to a depth of 40-60 cm where grapevines develop their best root system. Subsurface horizons (Bv or even C) with low humus content, coarser texture, and stones are then relocated to the surface as a result of this deep ploughing practice (Kolény, 2001; Dlapa et al., 2011) . However, viticulture influenced also relief of direct vineyard surroundings -management practice included also rock gathering and its deposition into the special rocky mounds of various shapes and sizes. The viticulture boom was ended in the late 19 th century by the phylloxera epidemic. After this catastrophe, vineyards have not been fully restored any more. Nowadays, these former vineyards are mostly covered by forests, which mostly have formed spontaneously, but some of them were also planted. There can be distinguished several types of such forests differed by succession state, substrate, and former land use; their detailed phytocoenological and ecological characteristics are given in our previous study (Zima et al., 2015) . These forests occupy sites, where Carpathian oak-hornbeam forests (Carici pilosae-Carpinenion suballiance) along with subacidophilous and thermophilous oak forests (Quercetum petraeae-cerris association) are considered to be potential vegetation (Michalko et al., 1986) .
The aim of this paper is to evaluate the impact of the former vineyard land use on the primary production of the herb layer of the forest ecosystems, which are occurred here nowadays. Particular attention is paid to the ratio of synanthropic species, including apophytes and life forms, what can indicate site conditions and processes, for example, succession (Jurko 1990 ).
Methods
Estimation of the total herb layer biomass was carried out on the selected sample plots, applying the methods of indirect sampling (Kubíček, Brechtl, 1970) modified for non-recurrent sampling (Kubíček, Jurko, 1975; Kubíček, Šimonovič, 1975; Kubíček, Šomšák, 1982) . Phytocoenological relevés were sampled according to the method of the Zurich-Montpellier school (Braun-Blanquet, 1964) . Vascular plant nomenclature follows Marhold et al. (1998) . Synanthropic species and apophytes were identified according to Jurko (1990) as well as life forms. However, life forms were simplified: shrubs and trees merged into the simple phanerophytes, annual and biennal species into the therophytes, herb and woody chamaephytes into simple chamaephytes; for species with more than one life form, which is more typical, was selected. The geographical coordinates are in the WGS 84 system. To compare the gathered data with those considered to represent the oak-hornbeam forests in the Little Carpathians and the adjacent regions, the following studies were used: Kubíček, Jurko (1975) , Kubíček, Šimonovič (1975) , Kubíček, Šimonovič (1980) , Šomšák, Kubíček (1995) , Kollár et al. (2009), and Kollár et al. (2010) . The exact binomial test was used to prove whether the aboveground biomass in forests on the former vineyards (Ao) is lower than the aboveground biomass in the reference forests (Aref). Here, we tested whether the real probability of Ao<Aref is greater than the hypothesised probability of success in a Bernoulli experiment.
Characteristics of the study area
Little Carpathians Mts are the westernmost part of the Carpathian arch with length about 100 km located in the south-western Slovakia (Lukniš, 1972) . The highest point is the Záruby peak with its 768 m a. s. l., but most of study sites are close to 300 m a. s. l. The south-western part is formed by a crystalline core bordered by Mesozoic cover, while the north-western part is typical by Mesozoic Choč and Nedzev nappes (Fusán, 1972) . The lower parts are classified as warm climatic regions, while the higher parts represent mildly warm climatic regions. The annual precipitation is mostly 600-700 mm, but it can reach up to 800 mm in the high parts (Lapin et al., 2002 Such floristic composition of the herb layer well illustrates more-less natural forests of the area (e. g., Michalko et al. 1986 ).
Results and discussion

Primary production of the herb layer of the forests formed on the former vineyard sites
The basic results of the production-ecological analysis obtained from the four sample plots that represent typical forests on the former vineyards in the region of the Little Carpathians are summarised in Table 1 . It contains the following information: type of the forest community, the abovebelow-total herb layer biomass (A, B, T) in kg.ha -1 , and a ratio above-belowground biomass (A/B). In relatively young ash-dominated forest on the rocky mound (plot 1), synanthropic herb Alliaria petiolata prevail (A -368.83 kg.ha ). Other species are much less productive. This plot shows the highest ratio of synanthropic species (A -70.36%, B -22.26%, T -65.24%). With this, the highest ratio of therophytes is related (A -73.55%, B -22.73%, T -68.15%) -this is the only site where this life form prevails (high biomass of Alliaria petiolata). The ratio of apophytes is much lower (A -3.19%, B -0.47%, T -2.90%).
The adjacent ash-dominated stand on the former vineyard (plot 2) shows the highest production (A -754.24 kg.ha ). The reason is that this forest represents younger succession stage, where the species composition is made of both natural and synanthropic species. However, grasses are still the most productive species. Of them, Melica uniflora is a leading species again (A -521.14 kg.ha ). Grasses together represent almost half of the total biomass. For this site, it was found as the second highest ratio of synanthropic species (A -13.35%, B -0.75%, T -7.42%). Apophytes are the least represented (A -8.67%, B -3.21%, T -6.10%). Of the life forms, hemicryptophytes prevail and also therophytes are an important biomass component. The ratio of other life forms is negligible.
The herb layer biomass of the old oak forest on the rocky mound (plot 3) was found to be the lowest (A -196.60 ) are the co-dominant species; their mutual ratio on the total biomass is almost 60%. The ratio of synanthropic species is low (under 1%), but on the other hand, apophytes (especially Urtica dioca) are an important component here (A -36.6%, B -37.9%, T -37.2%). In both oak forests, hemicryptophytes are the absolutely dominant species.
The adjacent old oak forest (plot 4) on the former vineyard is typical by a high production of grass Melica uniflora, which is decisive dominant species here -its ratio is about 90% of the total biomass (A -441.64 kg.ha ). Thus, grasses together represent over 93% of the herb layer production here. The ratio of synanthropic species is very low (A -0.46%, B -0.06%, T -0.26%) and also apophytes are only minor (A -5.02%, B -2.01%, T -3.52%).
Comparison of the observed sites with the reference site
The floristic composition of the reference forest representing the climax is not the same as in the observed sites, which represents the various stages of succession. It comprises different species with different ecological characteristics, and it is richer in species. So, there can be expected also some differences in the biomass quantity and quality. The biomass production is higher than those in the observed sites (A -1385 kg.ha ), and it has a different structure. There is a difference in the ratio of synanthropic species and apophytes (Fig. 2) -the younger the forest, the higher is the ratio of synanthropic species and apophytes, which complies with general patterns of succession. Moreover, forests on the rocky mounds show higher biomass of synanthropic species and apophytes than the adjacent forests on the former vineyards of the same age. This can be explained by the characteristic of the rocky mounds -it resembles ravine-like habitats suitable for nitrophytes, including synanthropic species and apophytes, and it represents a relatively young successional stage. When studying the ratio of plant life forms, a high ratio of therophytes in young forests is distinct, especially on the rocky mounds (A -73.55%, B -22.73%, T -68.15%), where a major role is played by Alliaria petiolata, while other sites are dominated by hemicryptophytes (Fig. 3) . The reference site biomass also shows more even distribution -there is a higher number of biomass co-dominants (Luzula luzuloides, Melica uniflora, Poa nemoralis, Dactylis glomerata, Sanicula europaea), while the observed sites (especially the former vineyards) are dominated by only one or two species (Melica uniflora, Alliaria petiolata). Abbreviations: A -aboveground biomass, B -belowground biomass, T -total biomass, S -significance.
Comparison with other oak-hornbeam forests
The herb layer biomass estimated on the observed sites is vividly lower than that on the reference site. However, when comparing our results with those from other oak-hornbeam forests from western Slovakia (Table 2) obtained by the same method, there is no statistically significant evidence (at P = 0.05) to prove that the aboveground biomass in the forests on the former vineyards is lower than that of the original forests, except for the old oak forest on the rocky mound. Also, except for the aforementioned site, the values we estimated fall within the interval found for the natural oak-hornbeam forests.
Conclusion
When answering the question of impact of the historical vineyard land use on the productivity of the contemporary forest herb layer, the following can be concluded: the former land use modified original relief, where the former vineyards have modified soil profile and new relief forms-rocky mounds-were created. These mounds with no or just shallow soils are usually much less covered by vegetation; thus, the production of herb layer biomass is lower here than in the adjacent former vineyards. Moreover, rocky mounds show a higher ratio of synanthropic species and apophytes than the adjacent former vineyards, and same as for the ratio of therophytes. The younger the stands on the former vineyards, the higher is the ratio of synanthropic species, apophytes, and therophytes. On the other hand, when estimating the production quantity, the values of herb layer production on the former vineyards are similar to those in the natural oak-hornbeam forests found in the Little Carpathians Mts. and the adjacent regions, except for rocky mounds covered by the old oak forests, which are less productive. In other words, the former vineyard land use affects the herb layer production quality, rather than the quantity.
